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Abstract 


The environmental disarray caused by plastic usage alarms the world leaders to join hands in making 
coordinated efforts in creating a green globe to support environment for the future generation. The 
responsibility of promoting environmental sustainability is not confined to government alone as all the 
producer companies have equal share in mitigating the plastic waste. One of the ideal strategies of 
environmental conservation practiced by many of the nations at recent times is extended producer’s 
responsibility (EPR). This research work purposes in building a multi-criteria decision-making model 
integrating the methods of MACBETH (Measuring attractiveness through a categorical-based evaluation 
technique) and MAIRCA (Multi Attributive Ideal-Real Comparative Analysis) in plithogenic environment to 
make optimal decisions on the plastic recycling methods subjected to four core criteria in EPR context. The 
efficiency of the newly developed integrated model is determined by comparing the model with other models 
integrating MAIRCA with the methods of CRITIC (CRiteria Importance Through Intercriteria Correlation) & 
FUCOM (Full Consistency Method). The sensitivity analysis helps in listing the merits and limitations of the 
proposed integrated model and also the consistency of the criterion weights and the ranking of the alternatives 
are checked. 


Keywords: Plithogeny; Decision-making; MACBETH; MAIRCA; EPR; sustainability 


1. Introduction 


Waste is defined as the unwanted material and it is of different forms. Based on the forms, the wastes are 
generally classified as solid, liquid, gaseous, bio-degradable, non-biodegradable and hazardous. Based on the 
sources of waste generation, the wastes are classified as industrial, commercial, domestic, agricultural and 
chemical waste. Every nation’s government is practicing various unused expelling methods such as land filling, 
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composting, incineration, recycling and a few other unwanted materials processing techniques, but still waste 
management remains a growing challenge as the hazardous nature of the non-biodegradable wastes highly 
affect the environment when in contact and one such type is the plastic waste. 


Plastics are synthetic substances made up of different polymers that substitute natural materials and have 
become an integral part of our day-to-day life. The flexibility, durability and the versatile nature of plastics are 
the salient features that stimulate plastic usage in different fields and these attributes have increased the 
production rate of plastics across the globe of more than 150 million tonnes every year. However, the increase 
in affinity towards plastic production and usage has resulted in the generation of plastic waste, a growing 
environmental concern. The recycling rate of plastic at global level is significantly low and the remaining 
quantity of plastic waste is disposed to the environment without proper treatment and this has resulted in air, 
water and land pollution. The lack of suitable eco-friendly methods of disposing plastics has caused a threat 
to living species of all kinds and nature. Generally, the plastics waste is handled by the conventional technique 
of recycling. Researchers have discussed intensely on plastic, its types, characteristics, pros and cons of plastic 
usage and the environmental impacts. Mechanical recycling, chemical recycling and energy recycling are the 
most commonly applied methods of recycling plastic wastes to usable forms. However, these methods have its 
own pros and cons in the context of implication in the real environment. It is a challenging task for the 
production sectors to make the optimal choice of feasible waste management methods and one of the ways of 
obtaining solutions to such challenging problems is MCDM (Multi-criteria decision-making). 


Generally, in MCDM, the procedure of decision-making system involves a series of interconnected steps 
beginning from the input of decision data matrix based on the perspective of professionals in the respective 
decision field and resulting in the output of optimal decisions. The alternatives and the attributes characterize 
every decision-making scenario and the right choice of multi-criteria decision-making method performs a vital 
role in accomplishing the task of decision-making process. MCDM methods are comprehensively applied as 
solutions to several complex decision-making situations and waste management system is not an exception to 
it. In general, the decision-making system will not be deterministic in nature at all times as there are lot of 
possibilities of having imprecise input data. To handle the situations of uncertainty, fuzzy MCDM methods are 
used in decision-making problems on waste management. Fuzzy sets are extended to intuitionistic and 
neutrosophic sets to make data representation more realistic. Also, few other extensions such as interval-valued 
fuzzy sets, Pythagorean fuzzy sets, Hypersoft sets are also applied in data representation under neutrosophic 
environment [1-5]. Smarandache [6] generalized the above mentioned sets as Plithogenic sets (PS), which are 
characterized by a quintuple of the form (P,a,V,d,c) where P is a Plithogenic set, ais the attribute, V is the set 
of attribute value, d is the degree of appurtenance and c is the degree of contradiction. Plithogenic sets are more 
comprehensive in nature as it generalizes the representations of all kinds of sets. The Plithogenic 
representations in MCDM are more feasible as both attributes and attribute values are considered together with 
the degree of appurtenance between the alternatives and the dominant criterion attribute value and degree of 
contradiction between dominant criterion attribute value and other attribute values. The MCDM methods are 
integrated to develop efficient decision-making models. In general, two MCDM methods are combined one is 
to obtain the criterion weights and the other is to order the alternatives chronologically. Also, all decision- 
making situations do not deal only with quantitative data, many a times qualitative data is involved in decision 
— making. To solve such problems of making optimal decisions, FS, IFS, NS and PS are used to quantify 
qualitative data. In this work a unified Plithogenic decision-making model is put forth to make ideal decisions 
on plastic waste management. 


The other contents of this research work are segmented as follows: section 2 presents a brief literature on the 
studies related to MCDM and plastic waste management along with the research works related to 
MACBETH,MAIRCA and EPR, section 3 comprises of the methodology of Plithogenic MACBETH and 
MAIRCA, section 4 applies the newly developed integrated method to a decision making situation on plastic 
waste management towards environmental sustainability, section 5 compares the results obtained from the 
proposed method of MACBETH — MAIRCA with other combinations of FUCOM-MAIRCA, CRITIC — 
MAIRCA to make inferences on the consistency of the results. The final segment concludes the work. 


2. Literature Review 


This segment consists of comprehensive review on the research works relating MCDM and plastic waste 
management, applications and developments in the methods of MACBETH and MAIRCA, framework of EPR. 
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2.1 MACBETH 


In general, the decision-makers opt simple, feasible and robust decision-making methods for obtaining criterion 
weights, also MCDM methods modelled using software are highly preferred and one such method is 
MACBETH developed in early 1990’s. The characteristics of being humanistic, interactive and constructive 
make this method more preferable and it has adopted the approach of additive value aggregation model. 
Another advantage of this method is qualitative input, as quantitative input decision-making data is not possible 
at all times, to handle such types of instances the method of MACBETH is the right choice. Valerio and 
Salomon [7] suggested the manual computations of MACBETH are unreliable and suggested to develop 
software for computations. To make the method of MACBETH more consistent, M-MACBETH decision 
support system is developed to construct value trees, criteria descriptors, value functions, scoring options, 
weightage calculations and robust analyses. The software approach of modelling is an added feature of 
MACBETH. Researchers have applied the method of MACBETH to various decision-making situations such 
as in qualitative judgements, strategic product decisions, determining the utilities of the government in coalition 
formation, selecting facility layout, measuring the performance, ranking hydrogen storage technologies, 
finding the health value measurements. Dhouib [8] has extended the method of MACBETH in fuzzy 
environment to rank the alternatives in reverse logistics. Researchers have also combined the method of 
MACBETH with other MCDM methods such as EDAS (Evaluation based on Distance from Average Solution), 
MOORA(Multi Objective Optimization on the basis of Ratio Analysis), TOPSIS (Technique for Order of 
Preference by Similarity to Ideal Solution). The method of MACBETH is not much discussed in the either of 
the environments of FS, IFS, NS and PS, also the method is integrated only with few other ranking MCDM 
methods. This has been identified as the first gap in the proposed research. 


2.2 MAIRCA 


The method of MAIRCA is developed with the main objective of finding the variations between the true and 
the constructed alternative values. Researchers have applied crisp method of MAIRCA in in ranking the 
alternatives of different decision-making situations such as in making ideal choice of railway level crossing, 
location choice, selection of ammunition depots, evaluating the worker’s ergonomics risk levels, supplier 
selection, evaluating supplier’s performance, assessing the performance of deposit banks, selecting catering 
firms, material selection, assessing the operational performance of airline industry, selection of logistics 
centres. The compatible and robust nature of MAIRCA has made the researchers to combine the method of 
MAIRCA with decision-making methods. Researchers have made intensive studies on integrated method of 
MAIRCA with Entropy, CRITIC (CRiteria Importance Through Intercriteria Correlation), Best-worst method, 
FUCOM (Full Consistency method), SWARA (Stepwise Weight Assessment Ratio Analysis), DEMATEL- 
ANP (Decision making trial and evaluation laboratory - The Analytic Network process). 


The combined methods of MAIRCA are discussed in fuzzy sense, Boral et al., [9] developed fuzzy MAIRCA 
(F-MAIRCA) with AHP (The Analytic Hierarchy process) to analyse failure modes and effects. Zhu et al., [10] 
devised DEMATEL-MAIRCA MCDM using fuzzy rough numbers. Fatih Ecer., [11] extended fuzzy MAIRCA 
to intuitionistic fuzzy MAIRCA and applied to make decisions on COVID vaccine selection age. Dragon et al 
[12] applied neutrosophic MAIRCA decision —making model to prioritize energy storage technologies. Hag et 
al in sustainable development [13]. Ozcil et al., [14] constructed Plithogenic MAIRCA which is a more 
generalized MCDM method of MAIRCA. Plithogenic decision making models are mostly preferred by the 
researchers in the field of decision-making as robust nature of Plithogenic sets and operators facilitate to make 
feasible decisions. 


2.3 EPR 


Presently the production rate of the products is increasing to meet the rapidly growing demands of the people. 
The industrial sectors make huge investment on smart production technology to maximize the annual 
production quantities. The responsibility of the production sectors do not get ceased with the product 
production alone, it get continues even after product consumption and till the end of the product lifetime. This 
extended responsibility of the producers is an attempt to conserve environmental sustainability from the 
product waste. Environmental regulations require all production areas to adhere to at least minimum quality 
standards in production and to implement eco-friendly strategies in waste treatment, but such regulations are 
not enforced after product sales and consumption. To enable the industrial sectors, realize their responsibility 
of environmental conservation exists even after product consumption, the EPR is introduced as a principle of 
environmental policy. The foundation of EPR was laid in the year 1981 and it was first accepted and 
implemented by European nations. Later many other developed nations and developing nations have started to 
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incorporate EPR in their environmental policies. Organisation for Economic Co-operation and Development 
(OECD) has defined EPR as an environmental policy approach that extends the responsibility of the producer 
in waste disposal after the post consumption stage. Lindhqvist.,[15] have discussed about three different policy 
instruments of implementing EPR which are administrative, economic and informative. EPR policy is most 
commonly applied in managing plastic waste, E-waste, used tyres and automobile batteries. Yamini Gupt and 
Samraj Sahay., [16] have made an extensive study on 27 cases of EPR implementation and identified 13 
common variables in dealing with upstream and downstream stages of EPR. The core aspects among the 
thirteen are found to be cost effectiveness, eco-friendly approach, energy efficiency and extendibility of waste 
to products. The studies on EPR strongly emphasize the need of including the attributes of EPR by the 
production sectors in the recycling process of plastic waste management and henceforth this research work has 
considered the criteria of selecting optimal plastic waste recycling method based on EPR elements. 


2.4 Applications of MCDM in Plastic waste management 


Researchers have presented numerous multi-criteria decision-making models on plastic waste management 
problems and are presented in Table | as follows 


Table 1: Multi-criteria decision-making models on plastic waste management problems 


MCDM Objectives of Factors of the Decision-making problem Authors 
methods Plastic Waste 
Management Criteria Alternative | Rankin | Addressable 
Problems s g of EPR 
AHP Prioritization of | Heterogeneity | Mechanical | 1 (Mahendran 
(Analytical Plastic Supply Recycling and 
Hierarchy Recycling Toxic Gas Chemical 3 Mahadevan., 
Process) Process Process Recycling No 2014) [17] 
Energy Cement Klin | 4 
Waste Blast 5 
Furnace 
Road Fill 2 
TOPSIS Sustainable Cost Mechanical 1 (Muhammad 
(Technique for | Plastic Co2 Recycling R et al,2021) 
order Recycling Emissions Chemical 2 No [18] 
preference by | Process Technical Recycling 
similarity to an Capability Energy 3 
ideal solution) Energy : 
Methodemploy Consumption Becyelne 
: pees Chemical 2 
ing similarity : 
; Recycling 
measures 
&fuzzy Energy 3 
information Recycling 
Fuzzy AHP-—| Making ideal | Economic Mechanical | 1 (Vinodh et 
TOPSIS choice on the | performances | Recycling al., 2014) 
methods of | Resource No [19] 
plastic reuse management | Chemical 2 
Technology Recycling 
interference 
Training Energy 3 
personnel Recycling 
Fuzzy AHP- | Choosing ideal | Ecological Landfill 5 (Nirmala and 
Goal processing impact,the : Uthra., 2018) 
Programming method of | managerial Mechanical: |. No [20] 
unused plastic ability, Cost to 
bespent, Incineration | 3 
resources 
available, and Fe eedstock 2 
recycling 
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Potential Biodegradab | 4 
financial le plastic 
benefits production 
MCDA Evaluating Environmenta | Recycling 1 (Saurav 
(Multi-Criteria | Plastic Waste | 1 (inland) Bhagat et al 
Decision Disposal Economic Incineration | 2 No 2016) [21] 
Analysis) Options Social Landfill 3 
Recycling 4 
Export 
Fuzzy Best plastic | Financial Mechanical | 2 (Nirmala and 
Preference recycling Benefits, Thermal 1 Uthara., 
Relation method using | Managerial - No 2017)[22] 
trapezoidal ability, Chemical 3 
linguistic Environmenta 
representations | | impacts, 
Use of 
resources 


From Table | it is very evident that only the methods of AHP, TOPSIS and their combination are widely used 
in making optimal decisions on plastic waste management both in deterministic and fuzzy sense. In addition 
to the above-mentioned research works Ali Utku Akar et al [23] applied the method of Fuzzy AHP in making 
decisions on optimal method in plastic recycling process. The method of AHP is used in determining the 
criterion weights and the method of TOPSIS is used in ranking the alternatives. In the above decision-making 
problems, the concept of extended producer’s responsibility is not included and majority of the problems are 
discussed in very generic sense of utility but not in production point of view. The notion of environmental 
conservation and the choice of criteria are not discussed in the context of producer’s responsibility. This shows 
the existence of gap in the MCDM research on plastic waste management in the context of EPR and this is 
considered as the first gap in the proposed research. In earlier research works of MCDM and Plastic waste 
management, the decision —making is narrowed down only to a single dimension of utility in consumer’s 
context but not in the joint or coordinated efforts between both producers and consumers. The two research 
gaps have motivated the authors to develop an integrated Plithogenic MCDM model combining MACBETH 
with MAIRCA to determine the most suitable and feasible plastic recycling method in the context of EPR. The 
developed integrated model will be more comprehensive in nature because of the following reasons (i) 
Plithogenic decision making model - the most generalized model 


(ii) Incorporation of EPR features - very essential in analyzing waste management methods 


(iii) Highly pragmatic and realistic in formulating initial qualitative decision-making matrix 


3. Methodology 


This segment briefs the different steps involved in the MCDM methods of MACBETH, FUCOM, CRITIC and 
Plithogenic MAIRCA. 


3.1 MACBETH 
Step 1 : The criteria considered for decision making are decided and the value tree is constructed. 


Step 2 : A zxz decision matrix is framed where z signifies the number of criteria. The significant criteria are 
arranged from left to right and the qualitative performance levels are converted to MACBETH scale. In general, 
two reference levels are fixed one is upper reference level (URL) that is good and the other lower reference 
level (LRL) is neutral. The score value of URL is 100 and LRL is 0 but it does not indicate the best and worst 
performance and the worst performance respectively. 


Step 3: Pair-wise criteria comparison is done based on the differences of attractiveness using semantic scale 
comprising of a set of seven categories. 


Step 4: The consistency is tested using M-MACBETH software and possible alterations are made 
accordingly. 
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Step 5 : The judgments are converted to numerical concerned linear programming problem models. The 
weighted global final values of the alternatives are determined using additive aggregation model. 


3.2 FUCOM (Full Consistency Method) 


Dragon Pamucar et al.,[24] introduced the method of FUCOM (Full Consistency Method) . This method is a 
new MCDM model that is used to acquire the weights of each criterion. Pairwise comparison of each 
criterion can be done by FUCOM technique and requires n-1 pairwise evaluation to find the weights. 


The below steps are used to find the weights of each criterion. 


Step 1: Criteria or sub-criteria WC= {WC,, WC}... ... WC,,} are ranked based on decision makers 
opinion. 


Step 2: The relative preferences of the ranking criteria were ascertained by the selection of the expert’s 
perspective, wr a ; where r is the rank of criteria. 
Tr 


Step 3: Determine the weight coefficients of each criterion by using a non-linear optimization technique. 
The weight scale must satisfy two constraints: 


é Or _ 
Constraint 1: - Oye es 8 eae (3.1) 


Tr+1 


(i.e.) The weighting coefficients are equivalent to the criteria tested 


Constraint 2: The condition of Mathematical Transitivity 


(i.e.) (pr; Ove +1)/ SSOP po aaa (3.2) 


iQ j /(r+2) 
‘ /(r+2) w+ 


Step 4 : Develop a NLPP model to calculate the weight coefficients 


min x 
Dir = . 
et tists Lal ere <7, for allj 
Wir a ; 
© j(r+1) Prey PPO) SX, forall 
™aj=l1 , o@ 20,forallf ---—— (3.3) 


Step5: Comput _ the weights of each criterion (W,, 2, ....@y,)? 


3.3 CRITIC (1995) 


Diakoulaki et al., (1995) [25] proposed the method of CRITIC (CRiteria Importance Through 
Intercriteria Correlation).This method employs the notion of standard deviation to calculate the 
differential concentration of each parameter. This method assures that the prime criterion possesses 
higher values. 


The below steps are involved in this method 
Step 1: Form a Decision matrix based on DM’s judgment. 
Step 2: Formulate an aggregate matrix by using fuzzy operators 


Step 3: Obtain a Normalization matrix using the below equation 


119 


Doi: https://doi.org/10.54216/TJNS.220210 
Received: April 26, 2023 Revised: June 29, 2023 Accepted: September 20, 2023 


Xmn-X _ ; 
ee 5 = Max (%mn) &XP= MIN (Xn) (3.4) 


Step 4: Determine Standard deviation (9; ) 
Step 5: Calculate the correlation coefficient (7; ;”) between two criteria x; & x;1 
Step 6: Using the below equation, evaluate the measure of conflict criteria 
> Oa 6 3.5) 


Step 7: Determine the objective weights of criteria 


WC; = g;* Dal = rj’) SSscs-= (3.6) 
eee 
ee (3.7) 


3.4 Plithogenic MAIRCA 


The following procedures are applied to find the rank of alternatives 


Step 1: Formulate an Initial Decision-making matrix (IDM) based an expert’s opinion with alternatives 


and criteria 


X44 X42 +s Xn 


21 %22 +++ Xan]... ee 
, 1 varies from | to m andj varies from | to n. 


Xm1 %m2 +++ Xmn 


where,x;., is the membership function of each criterion. The beneficial and cost criteria are chosen and 
decide the ideal value (p}), the best performance of criteria and the anti-ideal (p;) is the worst 


performance of criteria. Linguistic variables used are quantified by neutrosophic representations. 
Step 2: Obtain an aggregate matrix using plithogenic aggregate operators 


The plithogenic aggregate operators are defined by (Smarandache., 2018) [6] 


l .) 
| aA; d,—(b A,e+bv,elev, f 


aA; d=ad.av,-d=a+d-ad 


a AF b is tnormm & a \ F b is L-conorm- 


(T, I, F) is the Neutrosophic set N, that is converted in to intuitionistic fuzzy (IF) set (T, f) by the 
using impression membership technique (Solairaju and Shajahan.,2018) [26], is given below 


[1-Fa-la]l1-Fa] . = 
Fy, + fear ifF, = 0 


[1-Fa-lallFal . 
fa= Fy+ Ee if O< Fy S05 =e (3.9) 
Fy + [1—F,— 14] [0.5 + 


F4-0.5 
Fatl, 


|if05<F,<1 


<A(A)> = <—4 


>. 
[Tat+fal 
is determined by using median membership fuzzy values . 


Plithogenic aggregated operators are used to formulate initial decision matrix 
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Step 3: Calculate the Preferences of alternatives 

PIA)=2,0naPAD=1 000 (3.10) 
Step 4: Calculate the Expected theoretical matrix 

Tep=P(Aj)*@, wren (3.11) 


Step 5: Determine the Actual matrix 


tri t-12 anne anne tris 
toy too aie ana Cog 

Men a se, ke cc (3.12) 
trs1 trs2 eos aed trrs 


For benefit criteria, take maximum value of preference and non-benefit (cost type), choose minimum 
value of preference 


Trij = To#(=) > Try= Toy (2) os (3.13) 
Here, x7 = min (x;), xj = max (x;) 
Step 6: Construction of Total Gap matrix (Tc) 
To= Tp-Tr; where G= gi€ (0, (Trij— Tri) &Trij>Try (3.14) 
Step 7: Ranking the Alternatives 
Ose SC! re cad Oe ee | (3.15) 


Arrange the alternatives in descending order and choose the smallest ratio as the top value. 


4. Decision Making on Plastic Waste Management 


In this section the decision — making problem is to select the feasible method of recycling plastic waste based 
on the criteria in the context of EPR. The alternatives and the criteria are given as follows in Table 2. 


Table 2: Elements of Decision -Making 


Alternatives Criteria 

Mechanical Recycling (A1) Cost Effectiveness (CE) 

Chemical Recycling (A2) Eco friendly (EF) 

Energy Recycling (A3) Energy efficiency (EE) 
Extendable (E) 


4.1 MACBETH-Plithogenic MAIRCA 


By employing M-MACBETH software, the criterion weights are determined as follows. 


RECYCLING METHOD SELECTION 
Cost effectiveness 

Eco Friendly 

Energy Efficiency 
Extendable 


Figure 4.1: The Decision value tree 
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The Pair-wise comparison matrix using semantic scale representations is presented in Fig.4.2 


| 
hoe || scale 


posave 


moderate 


$3.33 


wear west posave 2€.€7 


WN ery wienk poste || ia 22 


Consistent judgements 


ee Ne ees Bc!) he SB 


Fig.4.2 Pairwise comparison matrix 


The criterion weights are represented in Fig.4.3 


~ 
| ao oe 


Fig. 4.3 Graphical representation of Criterion weights 
The finally obtained criterion weights using M-MACBETH software are presented in Table 3 


Table 3: Criterion weights 


Cost effectiveness Eco-Friendly (EF) Energy Efficiency Extendable (E) 
(CE) — _{EE) — 
0.533 0.2667 0.1333 0.067 


Thus the DM's recommendations are transformed into an LP model and Utilizing M-MACBETH software, 
all criterion weights are determined 


4.1.1 Plithogenic MAIRCA 
In this section the method of MAIRCA under plithogenic environment is used to rank the alternatives. The 
linguistic terms used for quantification are presented in Table 4. 
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Table 4: Quantification of Linguistic terms Of Fuzzy values 


TMedeaie [M038 
ign [a [os 
VeryHigh | VH [0.95 | 


The decision maker’s opinion relating the alternatives to the criteria are presented in Table 5 and this 
represents the initial decision matrix (IDM). 


Table 5 IDM based on Decision Makers Opinion 


DM’S | Cost Eco- | Energy Extendable E 
effectiveness | Friendly | Efficiency 
CE EF | EE 


Mechanical DMI M VL L 
| Recycling(MR) | DM2 H 

Chemical DMI H | L VH 
Recycling(CR) | DM2 L | 

Electrical DMI VL VH L 
Recycling (ER) | DM? vH | 48 M 


IDM created utilising the quantification of linguistic terms which is presented in Table 5 is based on the 
opinions of two distinctive experts. The plithogenic aggregated value is presented in Table 6 using step 2 of 
section 3.4. 


Table 6: Plithogenic aggregated value 


DM1 DM2 DM1/p DM2 


wc4 
| wea | 035 | 055 | 01925 | 


Table 7 comprises of the final plithogenic aggregated value obtained using the equations (3.8) & (3.9) 
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Table 7: Final Plithogenic aggregated values 


Criteria/ wel | wo2 | wo3 | wc4 
Alternatives 


A4 | 0. 


Let us take the preference of alternative is : = 0.333 as stated in eq (3.10). Using eq (3.11) the values of the 
theoretical ranking matrix are obtained and it is presented in Table 8. 


Table 8: Theoretical Ranking matrix 


[Yrosss | a3eer [01333] 0067 


The final real rating matrix is obtained using eq (3.13) and it is presented in Table 9 


Table 9 : Final Real Rating matrix 


0.146 
0.044 


All the criteria are evaluated as having the greatest possible values because they were all desired outcomes. In 
order to apply the normalisation process for the beneficial and non-beneficial criteria, expression (3.13) was 
used then the real ranking matrix (Tr) was produced and shown in Table 9. The total gap matrix is obtained 
using the eqs (3.14) & (3.15) and it is represented in Table 10. 


Table 10: Total Gap matrix 


|_| wer | wer | wes [wes] SoM | Aimuage 
Q1 Alternatives 


|Al| 0 | 0.000 | 0.044 | 0.022| 0.0667 | 1 


The alternatives’ performance rankings have been obtained and are listed in Table 10. 
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Table 11: IMD of the Decision makers 


DM’S Cost 


CE 


effectiveness 


EF 


Energy | Extendable 
Efficiency EE | E 


Mechanical 
Recycling 
(MR) 


a riendly ] 


Chemical 


Recycling 
(CR) 


Electrical 


Recycling 
(ER) 


Table 11 presents IDM, which was developed using the quantification of linguistic concepts given in Table 4 
and is based on the insights of two different experts. 


Table 12: Fuzzy Aggregated values 


WCl 
WC2 
WC3 
WwCc4 


Al 


WCl 


WC2 


A2- |we3 


wc4 
WCl 
WC2 
WC3 
WwC4 


A3 


Using the fuzzy aggregate operators in step 2 of the CRITIC method, IDM is developed based on the 


opinions of two key experts, as shown in table 12. 


Table 13: Aggregated Expert’s opinion 


WCcl 


WC2 


WC3 


WC4 


or | ol 


| 08 | 0.35 | 
| 0.55 _| 


| 0.55 | 0.55 | 08 
01 | O41 | On | 0.35 _ | 


The initial decision matrix was computed using data from table 12, and it is presented in table 13.On 
applying the expression (3.4), the normalized decision matrix is created and is shown in Table 14. 
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Table 14: Normalized Decision making Matrix 


WwCl WC2 WC3 WwC4 


1.00 | 0.00 
0.36 


1.00 
att} 
deviation | 0.577 0.507 


The Pearson correlation is typically used to assess the consistency between two sets of weights obtained from 
two different methodologies. The correlation between two data arrays may not be correctly represented by the 
Pearson correlation coefficient. So, consistency was measured using the correlation. Table 15 displays the 
calculated correlation between each pair of criteria using step 5. 


Table 15: Correlation between the criteria 


|| wer | we2 | wes | wes | 
jwe3 | -0.936 | -0.995 | 1 | -0.163 | 
wes | 0.500 | 0.064 | -0.163 | 1 


Table 16 provides a measure of the conflict each criterion creates using the eq (3.5) 


Table 16: Measure of the conflict created by criterion 


m 
-_ wcl wc2 EE wc4 >. a-n) 
j=1 


1.936 
we2| 0.104 0.104 | 0.000 | 1.995 
Wc3 

we4| 0.500 | 0936 | 1.163 


Determining the amount of data in accordance with each criterion, an objective weight is obtained from the 
relation (3.5 & 3.6), which is shown in Table 17. 


Table 17: Objective weight of the criteria 


Standard 
Deviatio 


WC4 0. 377 


Each criterion's weights is determined using the eq (3.6), which is displayed in Table 18 
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Table 18: Weights of each criterion 


WCl we3 | wc4 


Weights | 0.2073 | 0.2151 | 0.3654 | 0.2122 


4.3 FUCOM-Plithogenic MAIRCA 
The preference of the criteria based on Experts opinion is presented in Table 19 using table 4 and (3.8) 


Table 19: Preference criteria of the Experts 


| | DM1 | DM2 | DMI | DM2_| DMI*DM2 | 
[wo2| H | M [| 08 | 055 | 055 | 
|wo3| H | vH | 08 | 0.95 | 08 


On making pairwise comparisons of the criteria using the method of FUCOM the criterion coefficient values 
are obtained. It is possible to order the criteria in the above way. Table 20 can be used to identify and display 
the criteria's order of priority. 


The preference of the criteria based on Experts opinion 


WC3 > WC2>WC1>WC4 


Table 20: Priority of the criteria 


Comparative Priority/ Importance of the Criteria 
2.2 4 


® (ca) =—=22 , 0 (cx == 1.1430, 


C2. C4 


) == 159 


C2 
Cy 
Values of weight coefficients are obtained from (3.1 &3.2) 
Condition: | 


W3=-22, ~2=1,59, = = 1.143 


wW2 wy 4 
Condition : 2 


Mathematical Transitivity 


(#2) +(“2)=(#2) = 2.2*1,59=3.498, 


Ur? U4 U4 


(<2)*(#2)=(#2) = 1,59*1.143=1.817 


M4 WW, Wa, 
Using (3.3), the final typical for finding weight coefficients are as follows, 
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Min Y 


“3 29] <¥, 
2 


2 1.59| < YW, |": - 1.177| <¥, 
4 wW4 


ae 1.143| <¥, 
Ws 


s.t |=: = 3.498| <¥, 
a 


ut 1.817| <¥, 
wW4 
Liar = 1, w; 20,Vi 


By using LINGO software, Solving the above LPP model, the weight coefficients are determined. The weight 
coefficients are w,= 0.0697, w =0.1109, ws; = 0.2439, Ww, =0.5755, The Objective 
function Y=0 


Table 21: Criterion weights 


Criteria 


The formula for figuring out what the ideal weight coefficient values should be is expressed in expression 
(3.3).The values of the weight coefficients of the criterion determined by the FUCOM model are displayed in 
Table 21. 


5. Discussion 


The results obtained using the integrated method of MACBETH-Plithogenic MAIRCA is compared with 
two other integrated methods of FUCOM —Plithogenic MAIRCA and CRITIC- Plithogenic MAIRCA. Table 
22 presents the results obtained in all of the three methods and it is inferred that the result obtained using the 
first method is consistent and the mechanical method of recycling is ordered first in all of the three methods. 
The numerical results also validate the theoretical arguments in favour of mechanical recycling. 


Table 22: Ranking Results of the Decision Methods 


Plastic recycling methods MACBETH- FUCOM -— CRITIC- 
Plithogenic Plithogenic Plithogenic 
MAIRCA MAIRCA MAIRCA 
Mechanical Recycling (A1) 1 1 1 
Chemical Recycling (A2) 2 2 2 
Energy Recycling (A3) 3 3 3 


This leads to the conclusion that the weight coefficient values for the criteria were identical to their ideal 
values. The same ranking is produced by the Plithogenic FUCOM-MAIRCA, CRITIC-MAIRCA, and 
MACBETH-MAIRCA algorithms were presented in table 22. 


6. Conclusion 


This paper proposes an integrated method of making decision using the methods of MACBETH and 
Plithogenic MAIRCA to rank the effective plastic recycling methods incorporating the principles of EPR as 
criteria. The method is simple and feasible as software facilitates computations. The consistency of the method 
is tested with other integrated combinations. The consideration of EPR aspects in criterion decision is the new 
initiative of this paper. The proposed integrated MCDM method shall be extended to complete Plithogenic 
method by discussing the method of MACBETH in plithogenic sense. 
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